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The present invention concerns a process for the manufacture of certain 
.soflavones from appropriately substituted 2-hydroxypheny. benzyl ketone, Of particular 

occurring IT"" ^ T USeM t^™- 1 «»»Pte «he naturally 

an an? n COmmerC ' a '"' arai,abl «""«-« genistein has been claimed to be use Jas 
an anu-mflammatory agent, for prevention and treatment of osteoporosis and heart 
d. ease, for prevention of phofodamage and aging skin and wrinkle!, for inhibit! Z of 
AJzhetmers dtsease and for treatment of menopausal symptoms, estrogen disorders 
cancer, cataract, cys t ic fibrosis and migraine. The synthetic and commerciau^flable 
tfoflavone .rptflavone has been claimed ,o be useful for treatment of osteoporosis and 
« rogen dtsorders. Amongs, the voluminous literature in this fie.d, M. MeLna 
CWtry & Industry 2995, 413-415, and T. E. Wiese et a.., ibid. 2997, 64 8 -«53 present 
■nteresfng reviews on the bioiogica, effects anduse, of isoflavones, mourning g^L 

The naturally occurring isoflavones formononetin and biochanin A, which in 
comrast to genistein and daidzem do no, occur in soy, are of agricuUura, interest t 
promoters for mycorrhizal fungi which benefit plant growth. 

Isoflavones are characterized by me following general benzppyranone structure 
the ring numbering also being shown: structure, 
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Many substances containing the isoflavone structure are found naturally, mainly 
in the family Leguminosiae; the richest sources are soy, lentils, chickpea, fenugreek, clover, 
alfalfa and various types of beans. Genistein, for example, was first isolated in 1899 from 
broom (Genista tinctoria), and later, in 1931, isolated from Soya hispida [see A. G. Perkins 
5 et al, J. Chem. Soc. 75, 830 (1899), and E. Walz, Ann. Chem. 489, 118 (1931)]. Its 

structure was first determined by W. Baker and R. Robinson in 1926 (J. Chem. Soc. 1926, 
2713), and the compound later synthesized {ibid. 1928, 3115). 

Most frequently the isoflavones are substituted on the rings to varying degrees 
with hydroxy, alkoxy, prenyl and prenyl-derived groups, and the molecule may constitute 

10 part of a more complex ring structure. Naturally occurring isoflavones are often 
substituted at the hydroxy groups with sugars, which on their part are sometimes 
additionally substituted by ester groups. Isoflavone are commonly isolated in nature as 
mixtures with closely related substances. For example, isoflavones isolated from soybeans 
include genistein and daidzein which occur co-mixed as free aglycones (sugar-free forms) 

15 as well as their glycosides genistin and daidzin in soybeans to the extent of about 500-3000 
ppm on a dry weight basis. Direct isolation from biomass containing such mixtures is thus 
complex and often largely economically impracticable. 

It is known to experts in the pertinent technical field that other components in 
natural mixtures may alter the bioavailability and degree of bioactivity of the active 

20 isoflavone principles. In controlled studies, individual isoflavones from these mixtures also 
show differing biological activities, degrees of the desired activities, and side-effects. WO 
93/23069, for example, discloses the differing activities of the isoflavones found in clover. 
Further recent studies suggest that isoflavone glycosides are less bioavailable than the free 
aglycones. Thus, isolation of isoflavone products from biomass ideally requires a 

25 hydf olytic step to cleave the glycosides and some type of reproducible fractionation 
operation to purify the isoflavones. 

Soybeans are one of the few rich nutritional sources of natural isoflavones. As a 
high proportion of the isoflavones in soy occurs naturally as water-soluble glycosides, 
losses to aqueous sidestreams and wastes during protein manufacture occur to varying 
30 degrees depending on the manner of processing [Murphy, J. Agric. Food Chem. 44> 2377- 
2383 (1996)]. Some manufacturers of soy protein seek to retain the desirable isoflavones in 



WO 2004/009576 

' PCT/EP2003/007575 

-3- 

soy food products by modifications of normal methods for soy protein nroH ^ , 
example as described in WO 00/17217, USP 6,140,469, and 7sP S ^5 08 s ' 
canoetreatedv.thglycosidases to ^^^^^^S^ST" 
precipitate with the proteins as described in USP 5 320 949 USP « «?T 
3 and USP 5,637,56 2 . Such methods provide food ^^^^ ^ 
isonavones. However, apart from tofu and a fe W other ^^Tl^^ 
consumptron of soy is not very prevalent in the Western World. 

Isoflavone glycosides can be recovered from soy processing stream, K v v • 
means. For example USP 5 670 e>v a* u processing streams by various 

^vcuupxe, uzr i>,670,632 describes a process for the isolation «f„ 

to .process for adsorption/desorption wi(h po]ymeric ^ J 9.806 
gh-cos,des from soy molaases or soy ^ UndCT cond . Uons °- 

USP 5,702,752 there ,s deacrtbed a process of ultrafiltration for the recovery of mixed 
» .soflavone glycosides. USP 6,033,714 describes a further process of ultrafT . T c 

scribed in USP ^ ^ T " Cl " ,Ure ^ ** As de- 

scribed ■„ USP 5,554,519, gemstem can be isolated as a by-product of the production of 

e^hromycm. However, ,he production capacity is low and care must be taken to love 

Unusually, a high concentration of isoflavones can be found in the biomass of 
formononetm btochantn and their glycosides in a total concentrations of 0.5 ,o 3 5% on a 

S££ 6 6 7d D T *: hiShM ™ iS ° ,a,i0n iS — "—Mr feasible ™: 
USP 6 146,668 descnbes solvent extraction of red clover in the presence of glycoside- 

^rlc fo'" 8 T"T <,b,afa mbted iS ° flaVOneS ' ThESe ~ Vacated by 

ex rac ton and crysta h 2 a.,on ,o obtain individual isoflavones, such as genistein The 

extracts generates large amounts of solvent-laden waste biomass. Furthermore one 

consequence of the purification of genistein is the unavoidable co-production of' 

s.gmficant amounts of daidzein which is of lesser value, as well as bioactive organic wastes. 

The above examples serve ,„ illustrate some of the disadvantages of isolating or 
otherw.se obtaming isoflavones from higher abundance natural source!. Other useful o 
potency usefifl isoflavones occur naturaUy in very low amounts and are ^ 2 



WO 2004/009576 



-4- 



PCT/EP2003/007575 



practical to isolate. Yet others are not directly available from natural sources but can be 
synthesized, albeit inefficiendy and uheconomically. Thus there exists a need for practical 
procedures for efficiently manufacturing large amounts of pure isoflavones. 

A number of chemical syntheses of isoflavones have been developed over many 
5 years, as reported in various reviews in the general and specialist literature of organic 
chemistry, such as The Chemistry of Flavonoid Compounds, Geissmann (ed.), Pergamon 
Press 1962; The Flavonoids, Harborne, Mabry and Mabry (eds), Academic Press 1975; The 
Flavonoids, Harborne (ed.), Chapman-Hall 1986; and Ellis, General Methods of Preparing 
Chromones, Chapter IX in Chromans, Chromenes and Chromanones, Wiley & Sons, 
10 1972. The major synthetic procedures include rearrangement of flavanones and chalcones, 
condensations of phenols with betarketo acids, esters or nitriles, coupling of substituents 
to preformed flavone rings, and acylations of 2-hydroxyaryl benzyl ketones ("2- 
hydroxydeoxybenzoins"). 

In the earlier years, from about 1928 to about 1952, two synthetic routes to 
15 genistein and related isoflavones were predominantly available. The first route involved 
the reaction of a 2-hydroxydeoxybenzoin with a cinnamic acid ester, e.g. ethyl cinnamate, 
to afford the corresponding 2-(2-phenylethenyl)-isoflavone, followed by oxidation with 
potassium permanganate and thermal decarboxylation to the isoflavanone compound: see 
W. Baker et al., J. Chem. Soc. 1926, 2713; ibid. 1928, 3115; and ibid. 1933, 274. The second 
20 route involved the reaction of a 2-hydroxydeoxybenzoin with sodium and ethyl formate to 
produce the appropriate 2H-isoflavone compound directly: see H. S. Mahal et al., J. Chem. 
Soc. 1934, 1769; F. Wessely et al., Chem. Ber. 66, 685 (1933); and R. L. Shriner, J. Org. 
Chem. 10, 288 (1945). Both routes in whatever variation led to inadequate yields of the 
desired isoflavone compound. 

25 In later years, from about 1952, further methods were developed for synthesizing 

isoflavone compounds starting from appropriate 2-hydroxydeoxybenzoins [see A. Pelter 
et al., Synthesis 1978, 326 and 843, and Y.-C. Chang et al, J. Agric. Food Chem. 42, 1869 
(1994)]. Three principle methods were employed for cyclizing the 2-hydroxydeoxybenzoin 
to the isoflavone compound: the first utilized formamide dimethylacetal and a large excess 

30 (at least eight equivalents) of the Lewis acid boron trifluoride etherate in dimethyl 

formamide [method (i)], the second involved the reaction of the 2-hydroxydeoxybenzoin 
with ethyl chlorooxalate in pyridine followed by saponification with ethanolic potassium 
hydroxide and thermal decarboxylation [method (ii)], and in the third method the 2- 
hydroxydeoxybenzoin was reacted with 1,3,5-triazine in the presence of boron trifluoride 

35 etherate and the mixture treated with acetic anhydride in acetic acid [method (iii)] : see 
specifically J. Chang et al., J. Agric. Food Chem. 42, 1869 (1994) and A. Pelter etal., 
Synthesis 1978, 843; W. Baker et al, J. Chem. Soc. 1953, 1852-1860; and H. C. Iha et al., 
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^ Ch 7fu 29 lmih ^ ^""^ofthesethxeepn-ncipl, 

methods mdude thense of excess amounts of the corrosive and environmentally 
unacceptab . boron trifluoride emera.e br of amine waste products. Moreover. L method 
n) rs complied in involving essentially three reaction steps, and requires high 
temperatures for the decarboxylation. In all cases only moderate yields, at best of the 
isoflavone compound were achieved. 

Still further methods include: 

(iv) reaction of an appropriate polyhydroxy substituted acetophenone, e g 2 4 6- 
tnhydroxyacetophenone, of which some of the hydroxy groups are protected' with 
S^TTm^ P ; h » enZaldeh ^ -nd subsequent oxidative cyclization with 

h mum (i„) nitrate [L . Farkas et aL> j Chem Soc perkin ^ h 3Q5 

Sekizala et al, Chem. Pharm. BuU. 36, 4876 (1988)]; 

fK cTur, 0 I' t" ^ r 7 d ;°^ benZoin With «« butoxy-bis(dimethylamino)methane 

97 KIMtT ^ ' f ■ l M> (1983) ' R R ^ ^ 1 °* CW - » 1972- 
1979 (1987) and S. Sepulveda-Boza, Synth, Commun. 31, 1933-1940 (2001)]; 

(vi) reaction of a 2-hydroxydeoxybenzoin with "zinc cyanide followed by cyclization with 
hydrochlonc acid [L. Farkas, Chem. Be, 90, 2940 (1957) and L. Farkas et al., ibid. 91, 2858 ' 

(vii) reaction of a 2-hydroxydeoxybenzoin with an activated dimethylformamide under 
vanous conditions [S. A. Kagal et al., Tetrahedron Lett. 1962, 593, A. C. Jain et al., I„d J 
Chem 25JB, 649-651 (1986), V. S. Parmav et al., Synth. Commun. 18, 511-517 (1988), R J 

^869 i 994^ ^ ?T R C ° mmUn ' 1976 ' ?8> ^ C CHang 6t ^ 1 ^ F ° od Chem ' * 
869 (1994), S^Sepulveda-Boza, Synth. Commun. 31, 1933-1940 (2001), K. Wahala et al., 

TraOS - *' 1991 ' 3005 and K - WShaIa et al > Proc - Soc for Exper. Biol 
and Med., 208, 27-32 (1995)]; and 

(viii) reaction of a 2-hydroxydeoxybenzoin with a trialkyl orthoformate under basic 
conditions [L. Farkas et al., J. Chem. Soc. Perkin Trans. 1 1974, 305, USP 5 247 102 
Japanese Patent Publication (Kokai) 09/157,268 (1997) and A. Levai et al., Synth 
Commun. 22, 1735-1750 (1992)]. 

A further approach pursued by various groups of chemists has involved the use of 
the nnxed carboxylic acid anhydride formic-acetic anhydride as a reagent for reacting with 
a 2-hydroxydeoxybenzoin, with or without the presence of a base, to produce isoflavones 
such as gemstein and biochanin A. Earlier investigations of this approach are reported by 
L P - BeCkCt Ct aL in Tetra hedron Lett. 1976, 719, and J. Chem. Res. Synop. 1978, 47, and 
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by D. R Liu et aL in J. Heterocyclic Chem. 28, 1641-1642 (1991). More recently, various 
groups around WG. Pivovarenko have prepared many isoflavones, including those with 
either a hydroxy, a methioxy or a substituted phenyl group as the 3-substituent: see for 
example J. Heterocyclic Chem. USSR (Engl, translation) 5, 496-501 (1991) [translated 
5 from.Khim. Get Soed. 5, 625-631 (1991)], J. Heterocyclic Chem. USSR (Engl, translation) 
5, 497-502 (1992) (translated from Khim. Get. Soed. 5, 595-600 (1992)] and Soviet Union 
(SU) Patent 1,333,674. In the reported syntheses Pivovarenko et al. used a large excess of 
the reagent acetic-formic anhydride, indeed as much as a 50 to 70 times excess, and 
likewise a large excess of base, e.g. about six equivalents. Such bases as sodium formate and 
10 tertiary amines, e.g. trimethylamine and tribenzylamine, have been employed. 

Furthermore, lengthy reaction times of up to 6 days appeared to have been necessary. 
Some reactions were effected in a solvent, others without. 

It is known that acetic- formic anhydride decomposes noticeably at 0°C into 
carbon monoxide and acetic acid, this decomposition becoming correspondingly more 

15 rapid as the temperature is raised. The reagent can be handled with appropriate safety 

precautions on the small scale, but becomes increasingly more difficult to handle safely on 
the large scale (see Giumini, Tetrahedron Lett. 1977, 3071, and P. Strazzolini et al, 
Tetrahedron 46, 1081-1118 (1990). As a further effect of the tendency of acetic- formic 
anhydride to decompose, the liberated acetic acid in the reactions of the anhydride with 2- 

20 hyd.roxydeoxybenzoins leads to the undesirable formation of the corresponding 2- 
methylisoflavdnes, which are difficult to separate from the 2H-isoflavones. 

The conclusion from the above reported disadvantages of using acetic-formic 
anhydride in processes for producing isoflavones is that the reagent is unsuitable for use in 
such processes on the large, particularly commercial, scale. 

25 Accordingly, there exists a need for a process for manufacturing 2H-isoflavones, 

e.g. genistein, which does not feature the aforementioned disadvantages, or at least avoids 
then to a significant extent. One approach amongst many others would be to replace the 
reagent acetic-formic anhydride with a reagent giving rise to the formyl moiety but which 
is selective in reacting with 2-hydroxydeoxybenzoins to afford a single product of high 

30 purity, i.e. in not giving rise to by-products in significant amounts. However, it cannot be 
predicted which reagents would be suitable sources of the formyl moiety, i.e. would meet 
these demands. 

It has now been surprisingly found that anhydrides of formic acid and certain 
other carboxylic acids, apart from acetic acid, are suitable formylating agents for reacting 
35 with appropriate 2-hydroxydeoxybenzoins to produce 7-hydroxy- or 5,7-dihydroxy-2H- 
isoflavones. 
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j.t , Th o e P re5ent Provides a process for manufacturing a 7-hydroxy- 

d^droxv^soflavoneChere^ 



or 5,7- 




wherein R^ signifies hydrogen or hydroxy, and 
R signifies hydroxy or Q.g-alkoxy, 



characterized by reacting a 2-hydroxydeoXybenzoin of the 



general formula 




II 



wherein R 1 and R 2 have the significances given above, 
with a formic acid anhydride of the general formula 



O O 



III 



where.u RjtaCWW <V—* (C,^^, carboxy-C^M. 
CHmC rp y V gr ° UP • CH2 - (OCH ^)-»-0-C^lM. a group 

I n 3 ^ - GH ' CH " COQH ' Cs-.-cydoatty.. aryl, hereroaryl, 
*(C,. 6 -aikyl)arninomethyl, diarylaminomethyl, a group -(CHj) n -COOR 7 , 
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a group -(C^m-COOCHO, a group -CH=CH-COOCHO, d. 6 -alkoxy, aryloxy 
or formyloxy, 

each of R 4 , R 5 and R 6 , independently, signifies hydrogen, Q^-alkyl or a *yl> 
R signifies hydrogen, Ci.g-alkyl or aryl, 
m signifies an integer 1 to 4, and 
n signifies zero or an integer 1 to 8, 

in the presence of a base or in a solvent which acts as a base, and if necessary promoting 
the ensuing hydrolysis of the so-produced acylated form of the hydroxylated isoflavone of 
the formula I by acidification. 

The so-produced hydroxylated isoflavone of the formula I is according to the 
significances of R 1 and R 2 one of the following compounds: 

genistein (R 1 and R 2 both signify hydroxy); 

daidzein (R 1 and R 2 signify hydrogen and hydroxy, respectively); 
bibchanin A (R l and R 2 signify hydroxy and methoxy, respectively); 
formononetin (R 1 and R 2 signify hydrogen and methoxy, respectively); 

1 2 

isoflavones of the formula I wherein R signifies hydrogen or hydroxy and R signifies 
C 2 -6-allcoxy, i^e. an alkoxy group other than methoxy. 

In the above definition of the symbols R 2 , R 3 , R 4 , R 5 , R 6 and R 7 , and any 
references below to alkyl groups, any alkyl (from C3) can be straight-chain or branched. 
This applies equally to "alkyl" (including any alkyl mentioned below in connection with 
the substitution of aryl or heteroaryl) as such or to the alkyl part of such groups as "C^- 
haloalkyl", "(C^-alkoxyJmethyl", "aryl-Q^-alkyl", ,, -GH 2 -(OCH 2 CH 2 ) m -0-C 1 . 6 -alkyl M , 
,, di(C 1 . 6 -alkyl)aminomethyl" and "Ci. 6 -alkoxy" (significances of R 3 ). An exception to this 
principle is the group !, carboxy-C 2 _ 6 -alkyr, in which the alkyl moiety is always branched, 
as will be explained hereinafter. 

Any halogen substituent, e.g. in "Ci^-haloalkyl" or as a possible substituent for an 
aryl or heteroaryl group, is in each case fluorine, chlorine, bromine or iodine. In H Ci_6- 
haloalkyl" itself there may be one or more (same or different) halogen substituents, but the 
group preferably features a single halogen substituent. 

In the group "dUCi^-alky^aminomethyr the two Q- 6 -alkyl groups maybe 
identical or different. 
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. The expression »aryl», as such oras the aryi part of Vyl-C, ,-alkyl" 

dtarylammowethy, ' or "aryloxy" (significance of R 3 ), meansjLnvt ,1k, 

-T* « "* * «»* one or more JZ^S^f " * 

particularly those selected from C, .-alfcvl r a n, u , substl,l «"^ "e 

5 alkyDamino, phenyl, carhoxyi fC a^ ^ ""^ ^ di ( C ' «" 

^-oorle^b^^^^ 

^efiroxypheny,. 3,4-dimetho^heny, 2 -caroo*yphe„y, and *Z4£bo*0- 
groups are 2- or 3-furyI, 2- or 3-thienyl and 4-pyridvl A< in th~ , , 

. n:^r u T n " unsubs,i,uttdor — ^":*i:r ftt 

.nd,ca,ed herernabove for the ary. gronps featuring substituents. 

On the face of it the groups carb OX y-C 2 . 6 -alkyl and -(CH 2 )„-COOR 7 in ,K, 
where R „ the latter group signifies hydrogen.may be considered t ^1^,1 

The above formulae I, II and HI embrace in each case isomeric forms e e 
optacauy actrve or inactive and E/Z-isomers, as the case permits, as well as Zures 
thereof, unless expressly stated to the contrary. 

Of all the possibilities for the formic acid anhydride of the formula III the 

anhydride (R signifies xsopropyl), carbonic monoformic anhydride methyl ester fR 3 
s-gnmes methoxy) and carbonic monoformic anhydride ethyLer (R 3 Z^ l^. 

the 0 h J 1 "' T^J 11 aCC ° rdanCe With the invention is carried out by reactin* 

wh.ch ,c ts as a base, the process is preferably carried out additional in an organic 
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solvent Moreover, the process is carried out at temperatures conveniently in the range of 
about r20°C to about +80°C, preferably at temperatures from about ^5°C to about +45°C. 

Suitable organic solvents are, in general, polar or slightly polar aprotic solvents. 
Such solvents are, for example, aliphatic and cyclic ethers, e.g. diethyl ether, diisopropyl 
5 ether, dibutyl ether, tert. butyl methyl ether, diethylene glycol dimethyl ether, 

tetrahydrofuran and dioxan; lower aliphatic nitriles, e.g. acetonitrile and propionitrile; 
lower aliphatic esters, e.g. lower alkyl formates and acetates; dimethylsulphoxide; 
halogenated, particularly chlorinated, lower aliphatic hydrocarbons, e.g. methylene 
chloride; aromatic hydrocarbons, e.g. benzene, toluene and xylenes; and lower aliphatic 

10 ketones, e.g. acetone, 2-butanone, diethyl ketone and methyl isobutyl ketone. Solvents 

which act as bases, and therefore which can be used without the presence of an added base 
in the reaction medium, include di(lower alkyl) formamides, e.g. dimethylformamide, 
dimethylacetamide, tetramethylurea and N-methyl-pyrrolidone. The preferred solvent is 
one which has a boiling point (at atmospheric pressure) of less than 80°C and which is 

15 miscible with ethanol and preferably also with water. In these circumstances the employed 
such solvent can at the termination of the reaction be replaced with ethanol or aqueous 
ethanol, and the hydroxylated isoflavone product of the formula I can be isolated through 
crystallization induced by the addition of water (in general isoflavones are very sparingly 
soluble in water). 

20 : As the base for the reaction between the 2-hydroxydeoxybenzoin of the formula II 

and the formic acid anhydride of the formula III there is conveniently used an alkali metal 
or alkaline earth metal hydroxide, e.g. lithium, sodium or potassium hydroxide; an alkali 
metal or alkaline earth metal carbonate or bicarbonate, e.g. lithium, sodium or potassium 
carbonate, calcium or magnesium carbonate, lithium, sodium or potassium bicarbonate, 

25 or calcium or magnesium bicarbonate, as appropriate; an alkali metal or alkaline earth 
metal salt of a carboxylic acid with up to 10 carbon atoms, e.g. sodium formate or 
potassium propionate; an aliphatic or mixed aliphatic/aromatic tertiary amine, e.g. 
trimethylamine, triethylamine, N-ethyldiisopropylamine, N,N-dimethylethanolamine and 
esters thereof such as 2-(dimethylamino)-ethyl acetate, triethanolamine or N,N- 

30 dialkylaniline; a nitrogen-containing heterocyclic base, e.g. optionally alkyl substituted 
pyridine, a N-alkyl substituted piperidine, a N-alkyl substituted morpholine such as N- 
methyl-morpholine, or imidazole; or a secondary or tertiary phosphate, especially of an 
alkali metal, e.g. trisodium phosphate or tripotassium phosphate. The preferred type of 
base is an alkali metal or carbonate, bicarbonate or formate, or an aliphatic or mixed 

35 aliphatic/aromatic tertiary amine. 

In general there are conveniently present in the reaction mixture about 1.5 to 
about 6 equivalents of the formic acid anhydride of the formula III per equivalent of the 2- 
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hydroxyd~xyben 2 oin of the Ibrmula II, preferably abou. 2.5 to about 5 equivalents of the 
fornuc «d anhydnde per ec.uiva.en, of the 2-hydroxydeoxybensoin. He base, when 
emp.oyed, , S generally present in an amount which is up to about 6 equivalents per 
eqmvafcn. of rhe 2-hydroxydeoxy-ben.oin. The optima, amount dep nds v " Z h on 
= such lactors as me nature of the base itseff and of the emp.oyed solvent, and I be 

determined by appropriate investigation of the effects of reaction parameter variation on 
the ease of reaction and the purity and yield of the produced hydroxylated isoflavone 

Moreover, the reaction is conveniently effected a, normal pressure, the pressure 
m genera, no, bemg critical. Furthermore, ,he reaction mixture is suitably agitated 7 

In general the course of the reaction can be observed by such conventional 
analytical ,ech„,,ues as HPLC, e.g. by monitoring the consumption of the starting 2- 
nydroxydeoxybenzoin. 5 

the f„ ' , 0 " e . PartiCUlar prOCedure for * e *e starting formic acid anhydride of 

the formu.a III K convenient^ firs, produced byreacting sodium formate with me 
appropnate ac,d chloride of formula R>COC, con veniently in a so.ven, which is usab.e for 
*e subsequent (mam) reaction of.be formic acid anhydride with the 2-hydroxydeoxy- 
benzom e.g acetone. After completion of ,he reaction ,„ pro duce ,he formic add 

of *e 2 tZZr'T ° mOUn : ° f taSe " f ° UOWed b " the -oun, 

of ,he 2-hydroxydeoxybenzo.n, after which ,he main reaction is effeced as described 

beadd d7 Va ,r ti0n f '/ Pr ° CedUCe * e ^ and ,hC 2 -Mtoxydeoxyben 2 „in can bo* 
be added ,oge,her to the freshly produced formic acid anhydride in the reaction so.ven, 

aclV d 7 T a ? hed th3t m ° St °' theieaCti0n ,0 * e dKired - aIbei < "> «-» -es 
cylated, produc, has been complied, a fina. reaction period, e.g. a, somewha, e.eva,ed 

emperature, particularly in the range from about 40 ,o abou, 50°C, generally promotes 

the completion (cyclhation). Otherwise, i„ sin, methodology (one pot) can be employed. 

with ,h , A *7° m P' eti0 " ° f the racti ° n °f f°»nic acid anhydride of the formula III 
w„h ,he 2-hydroxydeoxybenzoin of ft. formula II the produc, can in principle be isolated 
However, and as mdicated above, the desired produc, has in many cases by this stage 
become abated a, its phenolic hydroxyl groups (7-OH, and the hydroxy, group(s) 
a-gmfied byR and/or R ). Accordingly, any such acyla.ed hydroxy, groups must firs, be 

of 1 ^ ^ , ^ h7drOXXl ^ hydr °' ySiS ° f * e -P-duced acylated form 
of the de S ,red hydroxylated isoflavone is conveniently effected by addition of aqueous 

™ a f' e * SU ' phuric acid ° r hydrochloric acid, and heating ,he acidified mix,ure. In 
the case of sulphuric acid its concentration is conveniently 5 to 50%, e.g. 10% However 
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even concentrated sulphuric acid, e.g. sulphuric acid at a concentration approaching 
100%, may be used if the reaction mixture is diluted with water prior to the acid addition: 
If hydrochloric acid is used for the acidification to promote the hydrolysis, said acid is 
. conveniently of a concentration of about 20%. The acidification drastically lowers the pH 
5 of the mixture to about 0-2, preferably about 0-1, and thus enables a more rapid hydrolysis 
to the desired hydroxylated isoflavone than would be achievable, albeit less practicably so, 
if the slightly acid (pH about 4-6) mixture were simply heated without additional 
acidification. Following the addition of acid the mixture is heated, optionally under 
increased pressure, to effect the hydrolysis. In a preferred procedure, the solvent is 

10 continually removed by distillation during the hydrolysis and continually replaced with a 
lower alkanol, such as methanol or ethanol, or with water to dilute the mixture; such . 
solvent exchange is particularly practicable when a solvent with a lower boiling point than 
that of the added lower alkanol, e.g. acetone or tetrahydrofuran, has been employed 
previously as the reaction solvent. Otherwise, i.e. in those cases where a solvent of about 

15 the same or a higher boiling point than that of the lower alkanol has been used, as much as 
possible of said solvent is conveniently first distilled off, optionally under reduced 
pressure, and the lower alkanol added thereafter. In either case further acid may then be 
added to the mixture to to restore the pH value to about 0-2, preferably about 0-1. After 
the solvent exchange, and optional additional acidification, the mixture is conveniently 

20 heated, preferably at reflux temperature, for a further period to complete the hydrolysis. In 
this case, too, it is convenient to observe the course of the hydrolysis (deacylation) by 
conventional analytical techniques such as HPLC in order to establish when the reaction 
has effectively been completed. 

To isolate the desired product, directly from the mixture on completion of the 
25 reaction of the formic acid anhydride of the formula III- with the 2-hydroxydeoxybenzoin 
of the formula II or following the subsequent acid-catalysed hydrolysis for deacylation, this 
is conveniently crystallized out by addition of water, suitably at elevated temperature, e.g. 
at about 50-60°C. The volume of added water is conveniently about a fifth to about a half 
of the volume of the mixture containing the product before water addition. Optionally 
30 after also cooling the aqueous crystalline medium, e.g. to a temperature from about room 
temperature to about 0°C, the crystalline product is removed, e.g. by filtration, and if 
desired can be washed, e.g. with a mixture of ethanol and water, or otherwise purified by 
conventional methods, for example employing an organic solvent in which the product is 
at the most sparingly soluble, and submitting the product to one or more 
35 recrystallizations. Especially suitable organic solvents for such purposes are ethanol, 

acetone, mixtures of both or mixtures of each with a relatively small proportion of water. 
The final step in such a purification procedure is usually a thorough drying of the product 
at elevated temperature and reduced pressure. 
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cb^able by known procedure For example, to obtain the 2-hyd,oxyde,xvbJ 20 * , 

5 rea Iwl a b H " ^ dr ° )q '' PUo ^ UCi " 01 «-3.5-^rcxyben M „e) is : 

^l^S^ 3 H0MCh reMi0 " I- *~ <*-• Review. 

0. 615 633 (1962)] ,o afford an mtermediary, isolable iminium S «I,, which is then 

The further Parting materials, i.e. the formic acid anhydride, of the formula III 
are m some cases known. !„ general, such starting materials can be produced 2 Z, ' 

organ, solvent such as an aliphatic or cydic ether, e. g . diethyl ether or UtrahydxoZn 
«pec t,ve,y or an aromatic hydrocarbon, e.g. toluene [see, for example P. S ,L 0 U„Te t ' 
.... Tetrahedron ^ 108.-11,8 (,990); R . Schijf eta ,., Rey ^ ^ 62? ™ 

add TT; S - yn,h ' ^ ' (197 ° )] - A ^ too ™ ™<»°<« f°r ProTucing Smfc 
«d anhydr.de st a rtlng materiak of the formu)a „, ^ ^ J ^ - 

wth the appropnate ac.d anhydride of formula (R>CO) 2 C, Examplea of such p™ are 
pub hshed ,nter aha in R. Strati e, a,, (as above), A. Beba., Ann. Chin, 20, 1 « 0 

« ; a>lr: Chim ^ 1287 (i964); and r - ^ *. cL 

fhZ, (CH2 ^; CO ° H ' * «™ U P "(CH^-COOCHO or a group -CH=CH-COOCHO (all 
these groups bemg ones terminating with carboxyl or formyloxycarbonyl), involves the 

d,(a td chlonde) starting materials being maleic acid dichlotide, ,.2-dicarboxybenzene 
dichlonde and succinic acid dichloride. rooxybenzene 

Some of the formic acid anhydrides of the formula III are known from the 

they and (,n most cases) their production are described, are as follows: 

R ' = Z^' iSOpr ° P> " ° r tert ' bUt5 " : R ScWif " *• T — ■ Chim. 85, 

627 (1966) and for ethyl and n-propyl, additionally R. Schiifet al 
■bid. Si, 594 (1965); and E. J. Vital*, e. al., Recueil; ). of Royal Neth. Chem 
Soc. 101, 460-462 (1982); 
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R 3 = n-butyi: E. J. Vlietstra etal. (as above); 

R 3 = n-pentadecyl: Cheni. Abs. 58469 (2001) 

R 3 = styryl: W. K. Fife etal., J. Org. Chem. 51, 3746-3748 (1986); 

R 3 = phenyl and 4-methoxyphenyi: W. K. Fife et al., as above; and for phenyl 

5 additionally K. Kikukawa et al., J. Org. Chem. 46, 4413-4416 (1981) and 

G. F. Fanta, ibid. 29, 981 ( 1964); 

R 3 = 4-methylphenyl, 4-hexylphenyl and 4-phenylphenyl: W. K. Fife et al., 

USP 4,874,558; and for 4-methylphenyl additionally K. Kikukawa et al., 
as above; 

10 R 3 = 2-(methoxycarbonyl)-ethyl [-(CH 2 ) n -COOR 7 wherein n is 2 and R 7 is methyl] 

F. Cavalli et al., Int. J. Chem. Kinet. 33, 431-439 (2001); 

R 3 = ethoxy: T. Pavasavan, J. Org. Chem. 29, 3422-3423 (1964); 

R 3 = formyloxy: G. Frapper, J.A.C.S. 122, 5367-1570 (2000); 

15 : Those starting materials, i.e. formic acid anhydrides, of the formula III, which are 



not previously known can be produced by analogous methods to those for producing the 
known ones* i.e. analogous to the methods described above or which are indicated above 
byway of pertinent literature references. 



20 



The invention is illustrated by the following Examples. 
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Bxample 1 

_ The apparatus consisted of a 250 .hi double-walled reactor fitted with a stirrer , 

.h:rfa^'' a ^^ 

5 at a ,«. T " !" St[ "f StKpenSi ° n ° f 10 « < 01 « ?D of sodium formate in 25 g of acetone 
at a temperature of 2! -23'C were added dropwise under an argon atmosphere 13 e 0 4 
mol) of propionyl chloride. The mixture was stirred at 22-25«C for 2 
.0 35X, stirred for a forther hour and finafly coo.ed to 20 23 "p oducT T 

Thereafter, a solution of 9.2 e (0 035 moh nf 1 O a * ♦ l j 
k„j L B 13 mo1 ' or 1 "^ 2 • 4 > 6 -t^hydroxyphenv^-2-l'4 , 

hyd xyphenyl>-efoa„one and 3.6 g (0.035 mol, of triethylamine in 60 % ace^ wa 
added dropw.se ,o the mixture containing p rop io„y, formic anhydride and me reacZ 
mtxture was stirred for 2 hours at 25°C and for a further hour at 40°C ff H I 
cofoured suspension. To q uench the reaction ,0 g ct^^^V 
was stirred for a former 30 minutes, and the resuming suspension 2 ^ d to 
room temperature for about 16 hours. 

su S n, • T ° r m °' e hydr ° lySiS 5 8 ° f 5 ° % SUlj,huric acid >^ed dropwise to the 
suspension at room temperature. The mixture was heated to about 60°C ,„ „ u 

.« g of distillate. FoUowing the addition of 6 8 g of ethanol ^ 
forfoer 4 g o concentrated sulphuric acid were added dropwise, and the m^re w a 
heated for a forther 90 minutes a, about 70'C. The dMiate which had accumu atld 
conststed prmcipaUy of acetone and a minor proportion of ethanol. 

Following the distillation, 186 g of water were added ,o the remaining mixture in 
hereactor wtthin 30 minutes, and the resu.tings.urry was then cooW tQ 
for her 60 m.nu,es and then fihered. The collected solid materia, was washed tw ' * 
30 ml of water to afford .0.7 g of a moist, beige-coloured solid. This was dried aU^C/, 
mbar (0.1 kPa) fo r 2 hours to yMd g rf „ ^ _ ^ ^ 

98.9% punty according to HPLC. The yield of genis.ein was calculated to be SS% 

fem „ , 6 8 Cmde geniStei " Pr ° dUCt ^ <UsSOlved in 180 « ^ «hanol at reflux 
temperature. Then 135 g of ethanol were distilled off under atmospheric press™ Z foe 
resultmg suspension was cooled .0 -20-C and stirred for 1 hour at tins temZme a nd 
subsequently filtered. The collected solid material was washed with 10 g of coldTZol 
andthen dried for 2 hours at lOO'd mbar (0, IcPa) ,o give 5 g of a white sofld ^ 
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Analytical and spectral data of the product: 

i *H-NMR (400MHz. d f -DMSO): 13.0 (s, OH). 10.9 (s, OH), 9.6 (s. OH). 8.33 (s. C(2)-H), 
7:37 (d, J = 8 Hz, C(2 , )H and C(6')H), 6.81 (d, J = 8 Hz, C(3')H and C(5')H), 6.38 (d, J ~2 
Hz, 1 H), 6.22 (d, J ~2 Hz, 1 H); 

5 Mass spectroscopy: 270.2 (M + , 100%); 

Infrared (NuioL cm" 1 ): 3411 (OH), 1654 (OO); 

Ultraviolet (ethanol): 261 nm (e = 73570, log 6 = 4.87); 

Content acc. to HPLC: 99.7% (as given above); 

M.Pt.: 303°C 

10 

Example 2 

The apparatus was essentially the same as that described in Example 1, the reactor 
having a capacity of 500 ml, however. 

46.3 g (0.5 mol) of propionyl chloride were added dropwise to a stirred 
15 suspension of 35.7 g (0.52 mol) of sodium formate and 26.3 g (0.1 mol) of l-(2,4,6- 

trihydroxyphenyl)-2-(4'-hydroxyphenyl)-ethanone in 180 g of acetone at a temperature of 
21-23° C under an argon atmosphere. The mixture was stirred at 23-25°C for 1 hour, and 
then heated for 1 hour at 35°C. To the suspension at 18-20°C were added 10.1 g (0.1 mol) 
triethylamine. The reaction mixture was stirred at 21-22°C for 2 hours and then heated 1 
20 hour at 35°C. To quench the reaction 50 g of ethanol were then added and the mixture was 
stirred for a further 15 minutes. 

To promote the hydrolysis 20 g of 50% sulphuric acid were added dropwise to the 
suspension, which was then heated to about 60°C to remove 215 g of distillate. The lost 
solvent was replaced with 80 g of ethanol. Then a further 15 g of concentrated sulphuric . 
25 acid were added dropwise, and the mixture heated for a further 90 minutes. at about 70°C. 

350 g of water were added to the mixture over 30 minutes. The resulting slurry 
was cooled, held 1 hour at 10°C, and filtered. The collected solid was washed twice with 
40 g water and then with 40 g of 50% aqueous ethanol to afford 31 g of a moist beige- 
coloured product. This was then dried at 100°C/1 mbar (0.1 kPa) for 2 hours to afford 
30 25.3 g of an off-white product, which according to HPLC analysis consisted of 98.4% by 
weight of genistein. The calculated yield of genistein was 92.2%, 
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'tarry™ coofeddo™ to 0^^ 

» n*ar (0,1 KPa) for 2 hours ££j ^ ~ »" *- — - 100-QI - 

• j- , . <"rora iy.;> g of an off-white product RPT r* - i • 

indicated that this consign n fooo/ u proauct. HrLC analysis 

n.rther purfflcaln "% ^ ° f genfaWn tWs 

Examp le 3 

The apparatus was essentially the same as that described in Example 2. 

an argon atmosphere. The mixture l^^t^T, J"""* '° ' """" 

a. 35'C. A Motion of 26.3 g (0.1 moZn 2 4 6 t \ T T' *" ^ f ° r ' h °" r 

hydrox^henrt-ethanoneand^Tlj^ 
5 added dropwise to the result^ <"«hylamine in 165 g of acetone was 

2.-22-C for 2 hour s T ^ T^' ^ reaC,i °" " te ™ WaS *»" - 

dropwise^dTI ItlT 2 d 8 "T SqUeOUS hydr ° CWOriC ^ «« «** 
replaced with 100 e of tu , n , aisrmate. The lost solvent was 

-P^e, and ^^^^ZZ^^^ 

20 g of the crude genistein product were dissolved in 600 g of ethanol at ~fl 
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Example 4 

The apparatus was the same asrthat described in Example 1 . 

27.8 g (0.3 mol) of propionyl chloride were added dropwise to a suspension of 

21.1 g (0.31 mol) of sodium formate and 13.1 g (0.05 mol) of 1- (2,4,6- trihydroxyphenyl) - 
5 2-(4 , -hydroxyphenyl)-ethanone in 100 g of ethyl formate at a temperature of 23-26°C 

under argon. The suspension was stirred for 2 hours at 25°C and heated for 1 hour at 35°C. 

10.2 g (0.1 mol) of triethylamine were added to the resulting mixture at an internal 
temperature of 18-22°C. The mixture was then stirred for 16 hours at room temperature. 
Then 20 g of ethanol were added and the suspension was stirred for 15 minutes. 

10 Thereafter, to promote the hydrolysis, 20 g of 50% sulphuric acid were added 

dropwise and the mixture was heated to about 80°C to remove 128 g of distillate. The lost 
solvent was replaced with 50 g of ethanol. 150 g of water were added over 30 minutes to 
the mixture. The resulting slurry was cooled, held for 1 hour at 10°C, and then filtered. The 
solid was washed twice with 25 g water and then with 30 g of 50% aqueous ethanol to 

15 afford 13.6 g of a moist beige-coloured product. This was then dried at 100°C/1 mbar (0.1 
kPa) for 2 hours to afford 12.7 g of a beige-coloured product. HPLC analysis indicated that 
this consisted of 98.7% by weight of genistein. The yield of genistein was 92.7%. 

Example 5 

The apparatus was the same as that described in Example 1. 

20 27.8 g (0.3 mol) of propionyl chloride were added dropwise to 21.1 g (0.31 mol) 

of sodium formate at a temperature of 23-25°G under argon. The white suspension was 
stirred 2 hours at 25°C and heated for 1 hour at 35°C. To this mixture were added 13.1 g 
(0.05 mol) of l-(2,4,6-trihydroxyphenyl)-2-(4'-hydroxyphenyl)-ethanone and 10.2 g (0.1 
mol) of triethylamine at an internal temperature of 20-22°C. The mixture was then stirred 

25 at 21-22°C for 2 hours and heated for 2 hours at 35°C. 50 g of ethanol were added at 20°G, 
and the suspension was stirred for 15 minutes. 

Thereafter, to promote the hydrolysis, 30 g of 50% sulphuric acid were added 
dropwise and the mixture was heated for 1 hour at 75°C. To the mixture were then added 
over 30 minutes 150 g of water. The resulting slurry was cooled, held for 1 hour at 10°C, 
30 and then filtered. The solid was washed twice with 20 g water then with 30 g of 50% 

aqueous ethanol to afford 13.6 g of a moist beige- coloured product. This was then dried at 
100°C/1 mbar (0.1 kPa) for 2 hours to give 10.9 g of a beige-coloured product. HPLC 
analysis indicated that this consisted of 98.4% by weight of genistein. The yield of genistein 
was 79.5%. 
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Example 6 

The apparatus was the same as that described in Example 1 

A suspension of 21.1 g (0.31 mol) of sodium formate, 13.1 g (0.05 mol) of 1- 
(^^-trihydroxyphenyD^-f^-hydroxyphenyD-ethanone and 6.9 g (0.05 mol) potassium 
carbonate m 100 g of acetone was stirred 1 hour at 25°C under argon. To this mixture were 
added dropwise 27.8 g (0.3 mol) of propionyl chloride at a temperature of 21-23°C The 
suspension was stirred for 16 hours at room temperature, Then 20 g of ethanol were 
added, and the suspension was stirred for 1 5 minutes. 

Thereafter, to promote the hydrolysis, 20 g of 50% sulphuric acid were added 
dropwise and the mixture was heated to about 60°C to remove the solvent. The lost solvent 
was replaced with 50 g of ethanol. Then a further 10 g of concentrated sulphuric acid were 
added dropwise, and the mixture heated for a further hour at about 80°C. To the mixture 
was added over 30 minutes 120 g of water. The slurry was cooled, held for 1 hour at 10°C 
then filtered. The solid was washed twice with 20 g water and then with 30 g of 50% 
aqueous ethanol. This was then dried at 100«C/1 mbar (0.1 kPa) for 2 hours to give 9 3 R of 
a pale yellow product. HPLC analysis indicated that this consisted of 97.8% by weight of 
genistem. The yield of genistein was 67.5%. 

Example 7 

The apparatus was the same as that described in Example 1. 

27.8 g (0.3 mol) of propionyl chloride were added dropwise to a stirred 
suspension of 21.1 g (0.31 mol) of sodium formate and 13.1 g (0.05 mol) of l-(2 4 6 
tnhydroxyphenyl ) -2-(4 > -hydroxyphenyl)-etha„one in 100 g of dimethylformamide at a 
temperature of 25-28°C under an argon atmosphere. The mixture was stirred at 25°C for 2 
hours and then heated for 2 hours at 35°C. To quench the reaction 15 g of ethanol were 
then added and the mixture was stirred for a further 15 minutes. 

To promote the hydrolysis, 20 g of 50% sulphuric acid were added dropwise to 
the suspension at room temperature, and the reaction mixture was distilled in vacuo at 80 
mbar (8 kPa) and 70-80°C to remove 75 g of solvent. Then a further 20 g of concentrated 
sulphuric acid were added dropwise, and the mixture was heated for a further hour at 
80°C. To the mixture was added 150 gofwater, which promoted crystallization The 
resulting slurry was cooled, held for an hour at 10°C, and then filtered. The collected solid 
was washed twice with 25 g of water and once with 30 g of 50% aqueous ethanol. The solid 
was then dried at 100°C/1 mbar (0.1 kPa) for 2 hours to afford 10.5 g of an off-white 
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product. HPLC analysis indicated that this consisted of 98.2% by weight of genistein. The 
yield of genistein was 77%. 

Example 8 

The apparatus was the same as that described in Example 1. 

5 11.8 g (0.255 mol) of formic acid Were added dropwise under argon to 32.6 g 

(0.25 mol) of propionic acid anhydride at an internal temperature of 25°C. The mixture 
was stirred at 45°C for 2 hours, then cooled to 20°C. A solution of 13.1 g (0.05 mol) of 1- 
(2i4,6-trihydroxyphenyl)-2-(4 > -hydroxyphenyl)-ethanone in 70 g of acetone was then 
added at 20-22°C> followed by 5.1 g (0.05 mol) of triethylamine. The. mixture was stirred at 
10 22-23°C for 2 hours. After the addition of a further 5.1 g of triethylamine, the mixture was 
stirred at room temperature for about 16 hours and then after warming at 40°C for a 
further hour at this temperature. To quench the reaction, 25 g of ethanol were added and 
the mixture was stirred for 15 minutes. 

Thereafter, to promote the hydrolysis, 10 g of 50% sulphuric acid were added 
15 dropwise and the mixture was heated to 60°C to remove 85 g of distillate. The lost solvent 
was replaced with 50 g of ethanol. Then 10 g of concentrated sulphuric acid were added 
dropwise, and the mixture heated for a further 90 minutes at about 70°C. 180 g of water 
were added to th e mixture over 30 minutes. The resulting slurry was cooled, held for 1 
hour at 10°C, and then filtered. The solid was washed twice with 25 g of water then with 
20 20 g of 50% aqueous ethanol to afford 14.2 g of a moist beige-coloured product. This was 
then dried at 100°C/1 mbar (0.1 kPa) for 2 hours to afford 1 1.3 g of an off-white product. 
HPLC analysis indicated that this consisted of 99% by weight of genistein. The yield of 
genistein was 86.5%. 

Example 9 

25 The apparatus was the same as that described in Example 1. 

1 1.8 g (0.255 mol) of formic acid were added dropwise under argon to 32.6 g 
(0.25 mol) of propionic acid anhydride and 13.1 g (0.05 mol) of l-(2,4,6- 
trihydroxyphenyl)-2-(4 > -hydroxyphenyl)-ethanone at an internal temperature of 25°C. 
The mixture was then stirred at 45°C for 2 hours and cooled to 20°C. Then 5.1 g of 
30 triethylamine (0.05 mol) were added dropwise, and the mixture was stirred at 22 P C for 2 
hours, after which a final 5.1 g of triethylamine were added and the mixture was stirred at 
room temperature for about 16 hours. The mixture was warmed to 40°C and* stirring 
continued for a further hour at this temperature. To quench the reaction, 25 g of ethanol 
were added and the mixture was stirred for 15 minutes. 
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Thereafter, to promote the hydrolysis, 10 g of 50% sulphuric acid were added 
dropwise and the mixture was heated for 1 hour at 75°C. Then.10 g of concentrated = 
sulphuric acid and 35 g of ethanol were added dropwise, and the stirring continued for a 
- further 90 minutes at this temperature. 180 g of water were added over 30 minutes to the 
. nurture. The resulting slurry was cooled, held for 1 hour at 10°C, and then filtered The 
solid was washed twice with 25 g of water then with 20 g of 50% aqueous ethanol to afford 
13.6 g of a moist beige-coloured product. This was then dried at 100°C/1 mbar (0 1 kPa) 
for 2 hours to afford 1 1.3 g of an off-white product HPLC analysis indicated that'this 
consisted of 98. 5 o/ 0 by weight of genistein. The yield of genistein was 82. 5 o/ 0 . 

Example 1 0 

The apparatus was essentially the same as that described in Example 1. 

42.1 g (0.3 mol) benzoyl chloride were added dropwise under an argon 
atmosphere to a stirred suspension of 21.1 g (0.31 mol) of sodium formate in 45 g of 
acetone at a temperature of 21 -23°C. The mixture was stirred at 25°C for 2 hours then 
heated for 1 hour at 40°C. To the resulting suspension at 20-22°C was added dropwise a 
solution of 13.1 g (0.05 mol) l-(2,4,6-trihydroxyphenyl)-2-(4'-hydroxyphenyl)-ethanone 
and ip 2 g (0.1 mol) triethylamine in 75 g of acetone. The reaction mixture was stirred at 
21-22 C for 2 hours, then heated for 1 hour at 35°C. Then 20 g of ethanol were added, and 
the mixture was stirred for 1 5 minutes. 

To promote the hydrolysis 20 g of 50% aqueous sulphuric acid were added 
dropwise and the mixture was allowed stand at room temperature for about 16 hours The 
mixture was then heated to about 60°C to remove the solvent. The lost solvent was 
replaced with 50 g of ethanol. Then 15 g of concentrated sulphuric acid were added 
dropwise, and the mixture was heated for a further 3.5 hours at about 70°C. 100 g of water 
were added to the resulting suspension at 75-80°C over 30 minutes. The mixture was 
cooled at 20°C and extracted four times with 100 ml of ethyl acetate. The organic layer was 
then heated to 40°C/150 mbar (15 kPa) to remove about 300 ml of distillate. The slurry 
was cooled, allowed stand at room temperature for about 16 hours and filtered The solid 
was washed with 10 ml of ethyl acetate to afford 1 1 .5 g of a moist beige-coloured product. 

The crude genistein product was suspended in 60 g of 50% aqueous ethanol, and the 
suspension was stirred at reflux temperature for 1 hour. The resulting suspension was 
cooled to 5»C and stirred for one hour at this temperature, then filtered. The filter cake was 
washed with 10 g of 50% aqueous ethanol, then dried at 100°C/1 mbar (0.1 kPa) for 2 
hours to afford 7.3 g of an off-white product. HPLC analysis indicated that this consisted 
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of 97.5% by weight of genistein. The yield of genistein after this further purification was 

52.7%.JL 

Example 1 1 

The apparatus was the same as that described in Example 2. 

5 55.4 g (0.5 mol) of ethyl chloroformate were added dropwise under argon to a 

suspension of 35.7 g (0.51 mol) of sodium formate and 26.3 g (0.1 mol) of l-(2,4,6- 
trihydroxyphenyl)-2-(4 > -hydroxyphenyl)-ethanone in 150 g of acetone at a temperature of 
. 0-5°C. The suspension was stirred for 3 hours at 0-5°C . To the resulting mixture were 
added dropwise 15.2 g (0.15 mol) of triethylamine at an internal temperature of 0-5°C. 
10 The mixture was then stirred for 1 hour at 0-5°C and for 16 hours at room temperature. 

The mixture was heated to about 60°C to remove 160 g of distillate. The lost 
solvent was replaced with 80 g of ethanol. Thereafter, 50 g of 50% sulphuric acid were 
added over 15 minutes and the mixture was heated for 3 hours at about 70°C. To the 
mixture were added over 30 minutes 350 g of water. The resulting slurry was cooled, held 
15 for 1 hour at 30°C, and then filtered. The solid was washed twice with 40 g of water and 

once with 50 g of 50% aqueous ethanol to afford 32.1 g of a moist beige-coloured product. 
This was then dried at 100°C/1 mbar (0.1 kPa) for 2 hours to afford 26.3 g of a beige- 
coloured product. HPLC analysis indicated that this consisted of 81.1% by weight of 
genistein. 

20 1 g of the crude genistein product were dissolved in 25 g of ethanol at reflux 

temperature. Then 5 g of 50% sulphuric acid were added dropwise and the mixture heated 
for a further 2 hours to about 100°C under a pressure of 2 bar (0.2 MPa). Then 15 g of 
ethanol were distilled off under atmospheric pressure, and 5 g of water were added 
dropwise at 75-80°C. The resulting suspension was cooled to 20°C and stirred 2 hours at 

25 this temperature, then filtered. The collected solid was dried at 100°G/1 mbar (0.1 kPa). for 
2 hours to afford 0.9 g of an off-white product. HPLC analysis indicated that this consisted 
of 98.5% by weight of genistein. 

Example 12 

The apparatus was the same as that described in Example 2. 

30 60 g (0.65 mol) of propionyl chloride were added dropwise to a stirred suspension 

of 51 g (0.75 mol) of powdered sodium formate and 26.3 g (0.1 mol) of 1- (2,4,6- 
trihydroxyphenyl)-2-(4 > -hydroxyphenyl)-ethanone in 200 g of acetone at a temperature of 
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21-23-C. The suspension was stared at 23-25°C for 30 minutes, then heated for 13 hours, 

... Thereafter, to promote the hydrolysis, 50 g of 50% sulphuric acid were added 
dropw.se at 10-12'C and the mixture was heated to about 60*C to remove 204 g of 
d.tdlate. The lost solvent was replaced with 120 g of ethanol. Then a further 25 g of 50% 
sulphunc aod were added dropwise, and the mixture heated for a fnrther 1 hour at about 
72 C To the mncture was added over 30 minutes 300 g of Water. The slurry was cooled 

.hedforlhourat30»Candthenmtered:Thesolidwaswashedtwicewi^ 
an once ^th 50 g of 50% aaueous ethanol. This was then dried at 100=0/1 mlar (0, 
kPa) fori hours to afford 2 1.6 g of a white product. HPLC analysis indicated that this 
consisted of 99.3% by weight of genistein. The yield of genistein was 79.4%. 

Example 1 3 

The apparatus was the same as that described in Example 2. 

54.4 g (0.5 mol) of isobutyryl chloride were added dropwise under argon to a 
suspense of 35.7 g (0.51 mol) of sodium formate and 26.3 g (0.1 mol) of l-(2 4 6- 
tnhydroxyphe^ 

tor T I S T nS10n ^ ^ 1 h ° Ur at 23 - 25 ° C 3nd heated for 2 hours at 30- 
32 C. To the resultmg mixture were added 15.2 g (0.15 mol) of triethvlamine at an internal 

T?ZT: - " ^ ^ Stifred 1 h ° Ur " 21 - 22 ° G «* ^atedl 

30-32°C for 1 hour. 

Thereafter, to promote the hydrolysis, 50 g of 50% sulphuric acid were added 
dropw.se and the mixture was heated to about 60»C to remove 148 g of distillate. The lost 

abouT^C T Pl r d S ° f ethan ° l ^ " ^ f ° r 3 ^ 3 hours at 

about 70 C. To the suspension were added over 30 minutes 350 g of water. The resulting 

slurry was cooled, held for 1 hour at 30°C, and then filtered. The solid was washed twice 
with 40 g water and once with 50 g of 50% aqueous ethanol to afford 31.6 g of a moist off 
white product. This was then dried at 100°C/1 mbar (0.1 kPa) for 2 hours to afford 24 5 g 
of an off-white product. HPLC analysis indicated that this consisted of 99.6% by weight of 
gemstein. The yield of genistein was 90.3%. 



